The T. inhamatum F6-2014 fungus was isolated from the black soils of Northern Kazakhstan in stationary experiments with many years of herbicide use. The research was aimed at studying the biodegrading activity of T. inhamatum in relation to an herbicide with the glyphosate active ingredient, both in vitro and in situ. Under the laboratory conditions, the highest growth rate of a colony of T. inhamatum was observed in the reference variant, and reached 49.0 ± 2.5 mm. During the field experiments, a significant increase was noted in the microbial biomass (MB) on the first day in the herbicidal variants and ranged from 239.2 to 322.8 µg/g of soil. On the 15th day, the level of MB in all herbicide variants increased 1.6-2.1 times, and in the reference -2.3 times. By the second month, the level of MB reduced 1.5-2.0 times in all variants. By the third month of the studies, the greatest MB decrease was noted in the reference -82.8 µg/g. The level of urease activity during the first day in all variants, including the reference, ranged between 0.12-0.15 mg/g of soil. On the 15th day, a significant (3.3 times) increase in the urease activity was noted in the variants with glyphosate, compared to the reference. Subsequently, the difference in the level of enzyme activity was insignificant between the variants. The MB and the urease activity in the first fifteen days increase due to the more active decomposition of glyphosate by strain.
INTRODUCTION
Glyphosate (N-(phosphonomethyl)-glycine, C 3 H 8 NO 5 P) is a non-selective systemic herbicide used for fighting annual and perennial weeds [Baylis 2000 , Zharikov, Spiridonov 2008 . The action of glyphosate is based on the inhibition of the enzyme that synthesizes important aromatic amino acids [Arfarita et al. 2013 ]. In agriculture, glyphosate is used extensively as an element of plant protection.
Most glyphosate biodegradation studies were aimed at using decomposer bacteria [Ermakova et al. 2010 There are few studies of glyphosate biodegradation by fungus Trichoderma, but they are of particular interest. Trichoderma fungi are natural antagonists of the phytopathogenic microflora and are partly involved in cellulose decomposition [Arfarita et al. 2013 , Bouchiat et al. 2016 , Vazquez et al. 2015 .
The studies performed in Northern Kazakhstan showed that the fungi of the Trichoderma genus have the cellulose-decomposing properties, and exhibit an antagonistic activity to the fungi of Alternaria spp., Bipolaris spp., and Fusarium spp. genera [Bekeshev 2010 , Rukavitsyna 2006 ].
Currently, the research on disposing of pesticides with the use of the fungi of the Trichoderma genus is being performed. In particular, the ability of T. viride micromycete to decompose glyphosate has been discovered [Arfarita et al. 2013] . The data about the effect of insecticides on the growth of colonies of T. harzianum were obtained [Gonzalez et al. 2015] . At the same time, the information on the glyphosate decomposition with the T. inhamatum fungi is absent.
This work was aimed at studying the ability of T. inhamatum F6-2014 to decompose glyphosate herbicide in vitro and in situ.
METHODS
Under the laboratory conditions, clean glyphosate was used for chromatography in the concentration of 1 and 10 mg/l (Lesart, Kazakhstan). Under the field conditions, the Tornado Plus herbicide was used in the form of an aqueous solution with active substance (glyphosate) in the concentration of 360 g/l (August, Russia).
Extraction of micromycete. The strain of T. inhamatum F6-2014 fungus from the collection of the Microbiologic Laboratory of LLC Scientific and Production Center of Grain Farming n.a. A. I. Barayev was isolated from the southern carbonate black soil. Microscopic examination was performed on a light microscope with 150X magnification (Altami Bio, Russia). The fungi were cultivated on Czapek Dox agar medium (pH = 4.5) of the following composition: C 6 H 22 O 11 -30.0 g (Sigma -Aldrich, USA), NaNO 3 -2.0 g (ZAO Unikhim, Russia), K 2 HPO 4 -to 1.0 g (ZAO Unikhim, Russia), MgSO 4 -0.5 g (ZAO Unikhim, Russia), KCl -0.5 g (Michael chemicals plant, Russia), FeSO 4 -0.01 g (Mikhailovsky Plant of Chemical Reactants, Russia), and agar -15.0 g (Sigma -Aldrich, USA) in 1,000 ml of water. The solution was sterilized at 1 atm. (121°C) for 20 min in an autoclave (GC-100-3, Russia). Incubation was performed for 7-10 days in a thermostat (TS-1/80 SPU, Russia) at 25°C.
Studying chemotactic properties. The T. inhamatum F6-2014 strain was sown onto the surface in the center of a Petri dish on M9 agarose mineral medium of the following composition: Na 2 HPO 4 -6 g (OOO Resurs, Russia), KH 2 PO 4 -3 g (ZAO Unikhim, Russia), NaCl -0.5 g (Mikhailovsky Plant of Chemical Reactants, Russia), NH 4 Cl -1 g (ZAO Unikhim, Russia), and C 6 H 12 O 6 -15 g (Sigma -Aldrich, USA) in 1,000 ml. Glyphosate was introduced into the M9 agar medium at the concentration of 1 and 10 mg/l of the medium. The reference was clean the M9 medium (without glyphosate). Petri dishes with the cultures were incubated in a thermostat (TS-1/80 SPU, Russia) at 25°C for 15, 30, and 45 days. In order to study the processes of inhibition or stimulation of growth of the strains, the linear growth (diameter) of fungi colonies was measured after 15, 30, and 45 days, and the growth of colonies on the medium with glyphosate was compared with the reference.
Field experiment. The destructive activity of the strain of T. inhamatum F6-2014 fungus was studied in situ on a leveled experimental field of the station of LLC Scientific and Production Center of Grain Farming n.a. A. I. Barayev (N 52° 33. 794 , E 070° 39. 401 , ). When selecting experimental sites, the factor of soil fertility variability was minimized. The area of each plot was 1 m 2 . The experiments were conducted in four replications according to the following scheme: The experiments were laid on May 15, 2015. The fungi biomass was preliminarily accumulated in the Czapek Dox agar medium. The 30-daysold culture was introduced into the soil at the rate of 200 g of biomass per 1 m 2 . Glyphosate was introduced into the soil using a backpack sprayer at the rate of 12 ml of glyphosate per 5 l of water. Wheat was sprayed at 15 day intervals in the recommended and increased dosages. The soil samples were taken 10 days after spraying.
The MB by carbon was determined by the method of rehydration [Makarov et al. 2016 ]. The urease activity was determined by the method of Galstyan in Khaziyev's modification on a spectrophotometer (HACH-LANGE, Germany) [Khaziev 2005 ].
The arithmetic mean (M) with the standard mean (m) error was determined using Excel 2010 (Microsoft, USA); the Least Significant Difference (LSD 05 ) was calculated in application Agros v. 2.11 (RAAS, Russia) at the confidence level p ≤ 0.05.
RESULTS
The T. inhamatum (strain F6-2014) fungus agar medium formed a colorless colony on the Czapek Dox, which then acquired green coloring and occupied almost the entire area of the Petri dish. Microscopy showed hyphae of various diameters from 1.5 to 8.0 microns. Thin hyphae were colorless, much-branched, septated; thick hyphae were slightly branched, with the formation of swellings and outgrowths. Conidiophores are barely noticeable, with the formation of branches of mycelium. Conidia are unicellular, globose or ellipsoidal with the size of 2.3-3.0 × 2.0-2.6 µm. They are light-colored or colorless, often packed into small heads ( Fig. 1) .
With the development of the T. inhamatum fungus (strain F6-2014) on the M9 medium containing various concentrations of glyphosate, the changes in the growth rate of colonies were determined (see Table 1 ). As one can see from Table 1 , the diameter of the colony in the reference variant was significantly larger than in the variants with glyphosate, reaching the maximum on the 45th day of cultivation (72 mm).
By the colonies growth rate, the colonies in the reference variant exceed the herbicide variants over the entire duration of the experiment. With increasing incubation time in the variants with glyphosate, growth of the colony in the variant with 1 mg/l remains unchanged. In the variant with the dosage of glyphosate of 10 mg/l, positive dynamics in the growth of the colony are observed.
In the field experiments the use of glyphosate contributed to increasing the MB of microorganisms in the first days after introducing the T. inhamatum strain (Fig. 2 ).
An increased MB was noted in the variant with the maximum dosage of glyphosate introduction (6.0 l/ha). On day 15, the reference variant had the greatest MB. On day 60, the level of MB in all variants reduced. On the third month of the study, the MB dynamics returned to the initial level (first day). The urease activity characterizes the degree of organic substances mineralization. On the first day, the level of urease activity in all variants was virtually identical (Fig. 3) .
In the variants with herbicides, the level of urease activity increased 3.3 times (day 15). In the reference, a high level of urease activity was noted on day 60 and remained on day 90. The urease concentration in these periods does not exceed the reference.
DISCUSSION
In the opinion of the authors, the ability of T. inhamatum to grow in the media with glyphosate is associated with adaptation to xenobiotics. This is confirmed by the previous studies [Karasevich 1982]. The M9 medium represents a depleted nutrient medium containing mineral salts. However, the use of phosphorus in the composition of the M9 medium allows overcoming the toxic effect of glyphosate at the early stages of the colony growth. This phenomenon of cometabolism is characteristic for the whole spectrum of microorganisms, including micromycetes (Fusarium spp. The growth of the colony has its limits determined by the limited number of nutrients, and by the accumulation of metabolic products in-vitro.
The use of glyphosate stimulated the MB growth under the field conditions. This could be contributed to by the chemical composition of the herbicide and by the low toxicity of the preparation. Some researchers believe that the growth of MB dynamics is associated with the chemical composition of the herbicide and its application dosage The results of field experiments show a significant increase in the urease activity in the variants with glyphosate on day 15. Next, the levels of enzymatic activity in all variants equalize. Presumably, this is due to the degree of toxicity of the preparation. According to the opinion of some researchers, the effect of herbicides does not increase the urease activity [Baćmaga et al. 2015 ]. However, the contradictory results obtained in the research require a more detailed study of this issue.
One of the main mechanisms of microorganisms' adaptation to pesticides is changing the permeability of the cell wall. The result of this mechanism is the availability of substrate molecules with intracellular enzymes, and, consequently, changes in the urease activity [Gianfreda et al. 2012 ].
CONCLUSION
The studies showed that T. inhamatum F6-2014 can grow on mineral medium M9 with the concentration of glyphosate of 1.0 and 10.0 mg/l.
On the background of liquid culture of T. inhamatum (strain F6-2014) in the variants with the introduction of the herbicide, a 3.3-fold increase in urease activity and a 2.3-fold increase in MB were observed in the first 15 days. The results of the research showed the possibility of using T. inhamatum F6-2014 as a potential biological decomposer under the conditions of strong soil contamination with glyphosate. 
